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wavelength of the color of the LED to a frequency. From the
frequency, the device preferably determines the brightness
of the LED from a relationship of the count relative to the
frequency. Next, the frequency is encodes to a pulse width
and the DC average of the pulse width is measured to obtain
the color of the LED. Lastly, a single output signal is sent
from the sensor that includes one or more determinations of
the color, brightness and/or presence of the LED.

FIGS. 6 and 7 show another embodiment of the sensor
200 of this invention. In this embodiment, the sensor 200
includes a U 2 sensor 202, a microprocessor 204, an oscil-
lator 206, a plurality of capacitors 208, a plurality of
resistors 210, a plurality of inductors 212, a fuse 214, a diode
216, an output probe 218, a power probe 220 and a ground
probe 222.

In this embodiment, the U 2 sensor 202 preferably
includes a plurality of filters. Each filter is preferably a
discrete optical filter or color receptor which permits only
light in a range about the target wavelength of the color to
be detected to pass.

According to one preferred embodiment of this invention,
sensor 200 includes a minimum amount of connections, or
probes, to minimize the necessary set-up and installation of
sensor. The output probe 218 is preferably connected to
sensor and provides a color output and a brightness output
in a single signal. The power probe 220 is preferably
connected to the sensor and provides power to sensor from
an external power source. The ground probe 222 is prefer-
ably connected to an external ground.

In this embodiment, the microprocessor 204 connected
between the filters and the output probe and calculates the
color and the brightness of the LED. The microprocessor
may be programmable to permit modifications of sensor
based upon variables within the system to be tested such as
LEDs having atypical colors, brightness, positions, ambient
conditions and other parameters that may require customi-
zation and/or programming of microprocessor. The micro-
processor 204 is preferably also connected to the oscillator
206. The oscillator allows the processor 204 to run at much
faster speed and make faster and more accurate measure-
ments of the color sensor. By running at much faster speed,
the sensor 202 is able to detect changes in light, such as from
a fast pulsing LED.

In a preferred embodiment, the fuse 214 and the diode 216
protect the sensor 200 from damage.

FIG. 8 shows another embodiment of this invention. In
this embodiment, the apparatus for determining the presence
and operation of a plurality of components in a printed
circuit board includes an enclosure module 300 housing a
plurality of sensors 310. The enclosure module 300 provides
a simple, easy to mount assembly for testing presence,
brightness, and color of a plurality of components, including
LEDs, resistors, capacitors, processors, and other similar
components in a printed circuit board at one time.

FIG. 8 shows a schematic representation of the enclosure
module 300. In this embodiment, the enclosure module 300
comprises a main printed circuit board 306 with a plurality
of sensor boards 308, each sensor board 308 including a
plurality of sensors 310. Each sensor 310 including a plu-
rality of color receptors. In this embodiment, the printed
circuit board 306 includes four sensor boards 308, each of
the sensor boards 308 including four sensors 310. Allowing
the enclosure module 300 to test up to 16 components at a
time. However, the enclosure module 300 of this invention
is not limited to this number of sensor boards and sensors
and may comprise any number of sensor boards and sensors.
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In a preferred embodiment, the sensor board 308 com-
prises a FINN device that includes sensors mounted on
individual printed circuit board within the enclosure module
300. One embodiment of the FINN device is described in
connection with FIGS. 1-4. FIG. 9 shows a schematic
representation of another embodiment of the FINN device
separate from the enclosure module 300. As shown, the
sensor board 308 includes a microcontroller 312 controlling
a plurality of the sensors 310. The sensors 310 are connected
to fiber optic cables 302 that extend to the components to be
tested. The sensors 310 preferably includes a plurality of
color receptors 304 for testing different colors. The intensity
of the detected light is related to the color of the object. An
output signal from the device is thus proportional to the
emitted or reflected light.

Referring back to FIG. 8, the enclosure module 300
preferably further includes a power connector 316, a voltage
regulator 318, a USB connector 320, a serial port connector
322, outputs 324, a daisy chain input connector 326 and a
daisy chain output connector 328. The outputs 322 prefer-
ably comprise color/intensity outputs in voltage and fre-
quency. In a preferred embodiment, the enclosure module
300 can be daisy-chained together to test up to 254 LEDs or
more with only one input interface. FIG. 10 is a schematic
representation of five enclosure modules 300 connected as a
daisy chain.

In an embodiment of the invention, the enclosure module
300 includes four sensor boards 308 which each have a total
for four color sensors 310 with fiber optics. When the
enclosure module 300 receives a command from the USB or
the serial connectors, a first sensor board decodes a message
received. If the message contains a sensor number which is
within range of the first sensor board, then the first sensor
board will sample a proper color sensor on the first sensor
board and the first sensor board will send back the color and
intensity readings for the selected component. If the mes-
sage contains a sensor number outside the range of the first
sensor board, then the first sensor board will forward the
message to the second sensor board. The second sensor
board will decode the message and if the sensor number is
outside the second sensor board number range then the
second sensor board will forward the message to the next
sensor board. This process will repeat until a proper sensor
board and sensor number is located in order to test a selected
component. The sensor boards inside a single enclosure
module will communicate with each other with an internal
daisy chain connection. Different enclosure modules and the
associated sensor boards will communicate with each other
via the external daisy chain connection.

Operation of the enclosure module 300 is described in
connection with FIG. 5. The method includes positioning the
enclosure module in proximity to the circuit board to be
tested and connection each sensor 310 to a respective
component that requires verification and determination of
presence, brightness, and/or color. As discussed above, the
enclosure module 300 will test each component in either a
DC mode or a pulsing mode depending on the operation of
the component.

Thus, the subject invention is a cost effective method of
identifying object presence, brightness, and/or color of mul-
tiple components including LEDs.

While in the foregoing specification this invention has
been described in relation to certain preferred embodiments
thereof, and many details have been set forth for purpose of
illustration, it will be apparent to those skilled in the art that
the method and apparatus according to this invention are
susceptible to additional embodiments and that certain of the
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